Bicarbonate dependence of glutamate receptor activation by beta-N-methylamino-L-alanine: channel recording and study with related compounds.
beta-N-methylamino-L-alanine (BMAA) is a neurotoxic glutamate agonist possibly responsible for the neuronal degeneration found in the Guam amyotrophic lateral sclerosis-Parkinsonism-dementia complex. The basis for glutamate receptor activation by BMAA has been unclear, as BMAA lacks the omega electronegative moiety characteristic of other excitatory amino acids. We recently reported that the neuroexcitatory and neurotoxic effects of BMAA depend strongly on the presence of bicarbonate ions and proposed that an interaction between bicarbonate and the beta amino group of BMAA produces a molecular configuration appropriate for activating glutamate receptors. We now report that bicarbonate potentiates the ability of BMAA to open NMDA receptor-activated channels in isolated membrane patches. Furthermore, the neurotoxic and neuroexcitatory effects of two structural analogs of BMAA, DL-2,4-diaminobutyrate and DL-2,3-diaminopropionate, were also potentiated by bicarbonate. These findings support the bicarbonate cofactor hypothesis for BMAA action and provide direct evidence that it may be generalizable to certain other compounds.